The treatment of intrahepatic cholestasis has been limited, and development of an effective drug is needed. Clinical studies have shown that Yinzhihuang (YZH), a traditional Chinese decoction, enhances bilirubin clearance. The goal of this study was to determine the protective effect of YZH on experimental intrahepatic cholestasis in young rats and to explore its underlying molecular mechanisms. Methods: Intrahepatic cholestasis in rats was induced by α-naphthylisothiocyanate (ANIT) on days 1 and 8. The rats received YZH, ursodeoxycholic acid (UDCA), or vehicle for 9 d and were killed on either day 3 or day 10. Serum biomarkers, liver histology, and the distribution of protein and mRNA expression of Mrp2 and Bsep were analyzed. results: YZH treatment resulted in decreased levels of serum biomarkers except γ-glutamyl transpeptidase, attenuated liver histological injuries, increased protein expressions of Mrp2 and Bsep, and upregulated expressions of Mrp2 and Bsep mRNAs. The effects of YZH on serum biomarkers (aminotransferase, alanine aminotransferase, and direct bilirubin), liver histology, and Mrp2 mRNA expressions were significantly greater and earlier than those of UDCA. conclusion: Our results suggest that YZH has protective effect against ANIT-induced intrahepatic cholestasis in rats, through upregulation of Mrp2 and Bsep expressions.
c holestasis is defined as a decrease in bile flow due to impaired secretion by hepatocytes or obstruction of bile flow through intra-or extrahepatic bile ducts, resulting in accumulation of bile acids and other chemicals in liver and blood (1) . It affects ~1 in 2,500 live births (2) . Intrahepatic cholestasis is usually caused by viruses, drugs, and metabolic or genetic disorders (3) . To date, there has been no effective medical treatment for intrahepatic cholestasis. Even though ursodeoxycholic acid (UDCA) is the mainstay for the treatment of various cholestatic disorders (4), most patients only exhibit partial response and eventually progress to cirrhosis and liver failure (5) (6) (7) . Therefore, the development of an effective drug for intrahepatic cholestasis is desperately needed.
Yinzhihuang (YZH), a traditional Chinese decoction, contains extracts from Yin Chin (Artemisia annual L) and three other herbs (Gardenia jasminoides Ellis, Rheum Palatum L, and Scutellaria baicalensis) (8) (9) (10) . It has been widely used to prevent and treat neonatal jaundice for centuries in Asia. Clinical studies have shown that YZH oral liquid is safe in premature infants and enhances bilirubin clearance in newborns and infants (11) (12) (13) . In addition, YZH has been shown to be somewhat more effective than phenobarbital on bilirubin clearance (10) . Recent progress has shown that cholestasis is associated with complex transcriptional and posttranscriptional alterations of hepatobiliary transporters and enzymes participating in bile formation (3, 14) . It has been demonstrated that YZH is a potent activator of constitutive androstane receptor, a key regulator of the bilirubin clearance (9) . However, it is not known whether YZH regulates the hepatobiliary transporters, multidrug resistant associated protein 2 (Mrp2), and bile salt export pump (Bsep).
In rodents, α-naphthylisothiocyanate (ANIT) is widely used to induce an animal model of intrahepatic cholestasis. ANITinduced cholestasis is characterized by elevation of serum transaminases and bile acids, necrosis of hepatobiliary cells, and infiltration of inflammatory cells, followed by obstruction and proliferation of bile ducts (15) (16) (17) (18) . The biomarkers for liver injury and cholestasis peak at 48 h after ANIT treatment and recover a week later. ANIT administered weekly can prolong the experimental time and imitate chronic cholestasis (19, 20) .
The purpose of this study was to assess the effect of YZH on ANIT-induced intrahepatic cholestasis in rats and to further investigate its underlying molecular mechanism involving Mrp2 and Bsep expressions.
RESULTS

Macroscopic Changes of Rats
Rats were randomly assigned to receive ANIT or the same volume of sesame oil (normal control group), weekly on days 1 and 8. The ANIT-treated rats were randomly gavaged with YZH (ANIT+YZH group), UDCA (ANIT+UDCA group), or saline (ANIT+saline group) on days 1 through 10. The rats that received ANIT treatment displayed icteric ears and yellowish urine, reduced activity, poor appetite, and slower or even negative weight gain. Those rats in both ANIT+YZH and ANIT+UDCA groups displayed less icteric ears and urine and better activity and appetite.
Serum Hepatic Biomarkers in Rats Receiving Different Treatments
To study the liver biomarker changes after YZH and UDCA treatment, serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), γ-glutamyl transpeptidase (γGT), alkaline phosphatase (ALP), direct bilirubin (DB), and total bile acid (TBA) were analyzed, and all of the six biomarkers were significantly increased in ANIT+saline group on day 3 and remained at high levels on day 10, compared to those in normal control group (Figure 1) .
Compared to the ANIT+saline group, YZH treatment significantly attenuated AST and ALT elevations on the 3rd day (D3) and 10th day (D10), whereas UDCA treatment only significantly attenuated AST and ALT increases at the later time point on D10; serum γGT was significantly decreased only on D10 but not on D3 and serum DB levels were significantly reduced on both D3 and D10 in both YZH-and UDCA-treated groups; serum ALP and TBA were decreased in the YZH treatment group on D3 and D10, but only on D10 in the UDCA treatment group (Figure 1) . In addition, reduction of AST and ALT by YZH treatment was significantly greater than that by UDCA treatment (P < 0.05). Figure 1 . Effects of Yinzhihuang (YZH) and ursodeoxycholic acid (UDCA) on serum hepatic biomarkers in α-naphthylisothiocyanate (ANIT)-induced cholestasis rats. Rats were randomly assigned to normal control (white bars), ANIT+saline (black bars), ANIT+UDCA (gray bars), or ANIT+YZH (hatched bars) groups. Blood samples were collected 48 h after the ANIT treatment on 3rd (D3) and 10th (D10) days and assayed for (a) AST, (b) ALT, (c) γGT, (d) ALP, (e) DB, and (f) TBA. Data were expressed as mean ± SEM. *P < 0.05 compared with normal control group; **P < 0.05 compared with ANIT+saline group; † P < 0.05 compared with both ANIT+UDCA group and ANIT+saline group. ALT, alanine aminotransferase; ALP, alkaline phosphatase ; AST, aspartate aminotransferase; DB, direct bilirubin; γGT, γ-glutamyl transpeptidase; TBA, total bile acid. Liver sections were examined for hepatic necrosis, inflammation, enlarged portal fields, and proliferation (Figure 2) . Compared with the normal control group, the ANIT+saline group showed hepatocyte necrosis and degenerative change with inflammatory cell infiltration, enlarged portal fields, ductule proliferation, and fibroblast proliferation. These changes were more visible at D10 (Figure 2 , hematoxylin and eosin staining) than those at D3. The ANIT+YZH group and the ANIT+UDCA group had less necrotic and degenerative changes as well as less inflammatory cell infiltration. Masson's trichrome staining showed that collagen depositions were increased in the ANIT+saline group in comparison to normal controls. YZH, not UDCA, treatment dramatically decreased collagen depositions (Figure 2 , Masson's trichrome staining). Liver injury was scored according to previous literature (21, 22) , and the moderate-to-severe injury affecting more than 25% is considered as significant liver injury. Our study also showed that 87.5 and 100% of rats in the ANIT group had significant liver injury on D3 and D10, respectively. In UDCAand YZH-treated groups, 37.5% of rats showed significant liver injury on D3. On D10, the rates were 37.5 and 25%, respectively, in the two groups. However, there were no significant difference between UDCA-and YZH-treated groups.
Mrp2 and Bsep Protein Distribution in Liver Tissues of Rats
Immunohistochemical techniques were used to detect the distribution and protein expression of hepatobiliary transporters, Mrp2 and Bsep. Normally, Mrp2 and Bsep protein are localized in the basolateral membrane of hepatic cells as a distinct ribbon-like zone around the cell. The integrated optical density was taken with the Image-Pro Plus 6.0 software to qualify the stained density. Protein expressions of Mrp2 and Bsep in the ANIT+saline group were significantly decreased in comparison to normal controls. In UDCA-and YZH-treated groups, protein expressions of Mrp2 and Bsep were increased significantly when compared with the ANIT+saline group (Figures 3  and 4 ).
Mrp2 and Bsep mRNA Expressions in Liver Tissues of Rats
Quantitative real-time fluorescence PCR showed that mRNA expressions of Mrp2 and Bsep corresponded with the results of protein expressions ( Figure 5 ). ANIT treatment resulted in a significant reduction in liver Mrp2 and Bsep mRNA expressions. On D3, the Mrp2 mRNA expression in UDCA and YZH groups was upregulated to 1.7-fold and 2.1-fold, respectively, as compared to the ANIT+saline group. On D10, Mrp2 mRNA expression in UDCA and YZH groups was increased to 2.2-fold and 2.6-fold, respectively, as compared to the ANIT+saline group. The effect of YZH on Mrp2 mRNA expression at both time points was significantly higher than that of UDCA. Similarly, both UDCA and YZH treatments increased Bsep mRNA expression to ~1.5-fold on D3 and 2.1-fold on D10, respectively, compared with that in the ANIT+saline group.
DISCUSSION
Cholestasis is a pathological condition caused by impairment of hepatic bile flow. Toxic bile acid accumulation and inflammation leads to liver injury, fibrosis, and hepatocirrhosis. Treatment options for cholestatic liver injury are very limited (4, 23) . UDCA, the mainstay of therapy, has produced conflicting data (5-7). Hence, the development of a new effective drug is needed. This study demonstrated a beneficial effect of YZH on ANIT-induced cholestasis in young rats. YZH treatment attenuated serum levels of hepatic biomarkers and liver histological changes, prevented fibrosis, and upregulated expressions of Mrp2 and Bsep.
ANIT-induced cholestasis is characterized by elevation of serum transaminases and bile acids, necrosis of hepatobiliary cells, and infiltration of inflammatory cells, followed by obstruction and proliferation of bile ducts (17, 18) . ANIT selectively damages bile-duct epithelial cells and causes cholangitis and subsequent intrahepatic cholestasis (24) . The biomarkers for liver injury and cholestasis peak at 48 h after ANIT treatment and recover a week later. ANIT administered weekly can prolong the experimental time and imitate chronic cholestasis (19, 20) . So ANIT given weekly and rats killed at 48 h after ANIT treatment completion were chosen in this study. Our results showed that the biomarkers for liver injury and cholestasis were significantly enhanced at 48 h after ANIT treatment, in agreement with a previous report (16) . The hepatic histology showed necrosis and degeneration with severe inflammatory cell infiltration and biliary hyperplasia. Moreover, the liver fibrosis with cholestasis was observed at D10 after prolonged ANIT treatment. These data confirmed that the intrahepatic cholestasis was induced successfully with ANIT in our animal model.
In this study, we demonstrate the protective effect of YZH against ANIT-induced liver damage with intrahepatic cholestasis. First, we assessed the effects of YZH on serum biomarkers of liver damage and cholestasis. YZH treatment significantly attenuated ANIT-induced increases in serum concentrations of ALT, AST, ALP, γGT, DB, and TBA, indicating its protective effects on hepatobiliary cells. Furthermore, we found that the effect of YZH occurred earlier and was stronger than that of UDCA. Second, we evaluated the effects of YZH on histological changes of liver damage and cholestasis. YZH treatment dramatically attenuated the necrotic and degenerative changes of hepatobiliary cells, the bile duct proliferation, and the inflammatory cell infiltration induced by ANIT. Most importantly, YZH treatment was clearly associated with less histological changes than UDCA treatment. These changes were consistent with the results of serum biomarkers. Another interesting result from Masson's staining indicated that the inhibitory effect of YZH on fibrosis was more apparent than that of UDCA. This antifibrosis effect of YZH is crucial since fibrosis is indicative of deterioration of liver function and hepatocirrhosis. Our study suggests that YZH protects against ANIT-induced intrahepatic cholestasis by decreasing hepatobiliary cell damage, attenuating inflammatory cell infiltration, and promoting clearance of accumulated bilirubin and bile acid. 
YZH is extracted from four different plants:
A. annual L, G. jasminoides Ellis, R. Palatum L, and S. baicalensis. It contains many components that may have different properties and affect various metabolic enzymes, transporters, and receptors. The herb-drug interactions are so complicated that it is difficult to understand its mechanism of action. However, in Chinese and other traditional medicines, disease is thought to be a consequence of imbalances in the body, and it is necessary to incorporate multiple components into a therapeutic approach to restore the balance (24, 25) . YZH is a typical example of such a combination. Moreover, modern biochemical analyses have confirmed that the combination of these herbs achieved an ideally synergistic and maximum therapeutic outcome as compared to any component used individually (26) . Previous studies reported that A. annual L and G. jasminoides Ellis exhibited antioxidant and anti-inflammatory properties (26) (27) (28) (29) ; R. Palatum L was proven to ameliorate liver fibrosis (30-32); and S. baicalensis was identified not only to have antioxidant and anti-inflammatory properties but also antifibrosis effects and modulation of the immune response (33,34) . The synergistic effect of the various components may explain why YZH exerts somewhat more potent protective effects against ANIT-induced cholestasis than UDCA.
Recent studies have demonstrated that hereditary mutations of transporter genes or exposure to cholestatic injury (e.g., drugs, hormones, proinflammatory cytokines, and biliary obstruction) result in reduced expression and function of hepatobiliary transport systems, which play an important role in pathogenesis of cholestasis (3, 14) . Hepatobiliary transporters, Mrp2 and Bsep, are members of ATP-binding cassette-dependent transporters. Mrp2 exports glutathione and numerous other organic anions into bile, and Bsep is relatively specific for the biliary transport of bile acids. Impaired expressions and/or functions of both of these transporters cause significant cholestasis (24, 35, 36) . On the other hand, Mrp2 and Bsep are downregulated in cholestasis in rats as well as humans (37) , leading to cytotoxic bile acid accumulation and liver damage. In this study, we observed reductions of Mrp2 and Bsep protein expression and downregulations of Mrp2 and Bsep mRNA in livers of rats after ANIT treatment. YZH treatment partially but significantly reversed ANIT-induced decreases of Mrp2 and Bsep protein and mRNA expressions. Moreover, we found that the effect of YZH on Mrp2 protein and mRNA expression was more potent than that of UDCA, whereas YZH and UDCA had similar effects on Bsep protein and mRNA expressions. It has been shown that Mrp2 expression is a prerequisite for this cholestasis in rats since ANIT-glutathione conjugate is transported by Mrp2 into bile and concentrated in the canaliculus, and the dissociated ANIT selectively damages bile-duct epithelial cells, resulting in cholangitis and subsequent intrahepatic cholestasis (24, 38) . We found that Mrp2 is preserved in the YZH-treatment group, a fact that can also contribute to prolonged toxic effects via the intrahepatic cycling over the hepatocytic membrane. Our results suggest that a molecular mechanism of YZH may involve stimulation of Mrp2 (increasing bile acid-independent bile flow) and Bsep (increasing bile acid-dependent bile flow), which help to reduce the accumulation of toxic biliary constituents in cholestasis.
In conclusion, we have demonstrated that the oral administration of YZH protected against ANIT-induced intrahepatic cholestasis in rats and the underlying molecular mechanism involved upregulation of hepatobiliary transporters, Mrp2 and Bsep. The protective effect of YZH was more potent than that of UDCA. These results suggest that YZH may provide an alternative treatment for intrahepatic cholestasis. However, further study is needed to clarify which specific component of YZH is most effective and to identify whether YZH affects other bile acid transporters and nuclear receptors involving in metabolic regulatory function of the bile acids. 
METHODS
Chemicals and Drugs
ANIT-Induced Intrahepatic Cholestasis in Rats
All animal procedures were performed according to the guidelines for humane treatment of animals set by the Association of Laboratory Animal Science and were approved by Southern Medical University Animal Care and Use Committee.
All studies were performed with male SD rats aged 4-5 wk, weighting 150-180 g. Rats were housed at an ambient temperature of 22 ± 2 °C with alternating 12-h light/dark cycles and were provided water and food ad libitum. They were randomly assigned to receive ANIT orally at a dose of 80 mg/kg (0.5 ml/kg in sesame oil, ANIT group) or the same volume of sesame oil (normal control group), on days 1 and 8. Clinical symptoms of rats were observed every day, and body weight was recorded twice per week.
Treatment of Intrahepatic Cholestasis in Rats With YZH and UDCA
The ANIT-treated rats were randomly divided into three groups: ANIT+YZH group (n = 16), receiving YZH oral liquid 15 ml/kg by gavage once daily; ANIT+UDCA group (n = 16), receiving UDCA 100 mg/kg by gavage once daily; and ANIT+saline group (n = 16), receiving only normal saline 15 ml/kg once daily. The rats in the normal control group (n = 8) were also given normal saline 15 ml/kg once daily. Daily treatment with YZH, UDCA, or saline started on day 1 and continued until day 10. Half of the rats in each group were sacrificed under chloral hydrate anesthesia on D3 and the remaining ones on D10 of treatment. Blood samples and liver tissues were collected 48 h after ANIT treatment (on D3 and D10) for further analysis.
Serum Hepatic Biomarker Assays
Serum hepatic biomarkers, including AST, ALT, γGT, ALP, DB, and TBA, were analyzed by standard enzymatic-colorimetric assays using commercial assay kits in accordance with the manufacturer's protocol.
Histopathological Examinations
Liver tissues were fixed in 10% neutral buffered formalin prior to routine processing and paraffin embedding. The liver tissues were sliced into 5-µm sections and stained with hematoxylin and eosin or Masson's trichrome. The stained sections were examined by a trained pathologist under light microscope for the presence and severity of hepatocellular degeneration and necrosis. Liver injury was scored according to previous literature as follows: grade 0, no injury; grade 1, minimal injury involving single to few hepatocytes; grade 2, mild injury affecting 10-25% of hepatocytes; grade 3, moderate injury affecting 25-40% of hepatocytes; grade 4, marked injury affecting more than 40% of hepatocytes. Scores higher than grade 2 are considered as significant liver injuries (21, 22) .
Immunohistochemical Analysis of Mrp2 and Bsep Protein Expression
Immunohistochemical stains for Mrp2 and Bsep were performed on the paraffin-embedded liver sections according to the manufacturer's protocol. Briefly, liver sections were de-paraffinized and rehydrated. Nonenzymatic antigen retrieval was carried out in 0.1 mol/l boiling citrate buffer (pH 6.0) for 3 min in a pressure cooker. Mrp2 mouse monoclonal antibody and Bsep mouse monoclonal antibody were incubated at a dilution of 1:100 for 1 h at 37 °C, linking with biotinylated streptavidin-horseradish peroxidase rabbit antibody against mouse IgG for 20 min, developing chromogen with diaminobenzidine, and counterstaining with hematoxylin. The immunostained slides were evaluated by light microscopy. The integrated optical density as density of positive staining was measured by Image-Pro Plus 6.0 software (Media Cybernetics, Bethesda, MD) as described previously (39) . The mean integrated optical density represents the expression level of Mrp2 or Bsep.
RNA Isolation and Quantitative Real-Time Fluorescence PCR
Frozen liver samples were homogenized in ISOGEN reagent. Total RNA was isolated using RNA isolation kits according to the manufacturer's protocol and quantified by using ultraviolet absorbance at 260 nm. Integrity of samples was confirmed by gel electrophoresis. Gene-specific primer sequences for Mrp2, Bsep, and β-actin were as follows: Mrp2 (228 bp), 5′-GCCACACTACACGGACTG AA-3′, 5′-ACCGATCAGC AACTTCAGCA-3′; Bsep (225 bp) 5′-TCTCGTGGAGAGAACAA CGC A-3′, 5′-CACCACTCCTTGTGACACGACA-3′ (40); β-actin (154 bp), 5′-CACCCGCGAGTACAACCTTC-3′, 5′-CCCATACCCA CCATCACACC-3′. The cDNA was synthesized by the reverse transcription reaction as follows: 1 µg of total RNA was added, it was incubated at 65 °C for 5 min, and then, the reaction mixture has been kept on the ice for 3 min. A standard curve was prepared using RNA from the intact rat liver transcribed in the same way. After the first-strand cDNA synthesis, PCR reactions were performed. Thermocycling for each reaction was performed using the PCR kit. After 10 min of initial denaturation at 95 °C, the cycling conditions of 40 cycles consisted of denaturation at 95 °C for 15 s, annealing at 60 °C for 30 s and extension at 72 °C for 15 s. Each gene was repeated three times. Fluorescence measurement of samples was done at the end of each extension step. Analyzing software produced the standard curve by measuring the crossing point of each standard and plotting it against the logarithmic values of concentrations. After the PCR procedure, the melting temperature of each PCR product was measured to check for the unique product amplification.
